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The Geometry of Matrices is an important research area of algebra and has
many Applications in algebra, geometry and graph theory. The Preserver Prob-
lems is an active area in matrix algebra, recently, many results in this area have
obtained. There are close relations between Geometry of Matrices and Preserver
Problems. Applying the fundamental theorems of Geometry of Matrices to study
Preserver Problems, in particular, to study Additive Preserver Problems or Lin-
ear Preserver Problems, is an important applications of Geometry of Matrices in
algebra.
The affine Kac-Moody algebras and their representation play important roles
in many branches in both mathematics and theoretical physics. Affine Kac-
Moody algebras can be viewed as certain central extensions of the Lie algebras of
polynomial maps of an one dimensional torus into finite dimensional simple Lie
algebras over the field of complex numbers, in which there is a important algebra-
Virasoro algebra. The representations of the Virasoro algebra play crucial roles in
the construction and the analysis of the integrable modules of affine Kac-Moody
algebras. As a natural generalization, people study the subalgebras of the lie
algebra for the derivations on torus and their representations.
In this paper, after the introduction of the basic concepts, the main results
on Geometry of Matrices and the developmental survey on Linear Preserver Prob-
lems, we characterize some important Preserver Problems by using the Geometry
of Matrices. We also give a class of the subalgebras of the lie algebra for the
derivations on torus, and study their representations. The main work of the
paper is summarized as follows.
In Section 2, we give some applications of fundamental theorems of Geometry
of Matrices to Preservers problems. Firstly, it is given that the forms of invertible
additive preservers of rank-additivity on rectangular matrix spaces by using the
















semi-linear surjective map that preserve the adjacency on alternate matrix spaces
by using the fundamental theorems of Geometry of alternate Matrices.
In Section 3, Using fundamental theorems of Geometry of Matrices, we de-
scribe the forms of additive surjective maps preserving adjacency on spaces of
square matrices, it improve and generalize the related results. The outline is
that, first prove that an additive surjective map preserving adjacency has to be
bijective, and this map and its inverse both preserve adjacency, then applying
the fundamental theorem of Geometry of matrices, we complete these problems.
Meanwhile, we also characterize the additive surjective maps preserving general
linear groups on the spaces of square matrices over division rings.
In Section 4, the strong additive preservers of rank commutativity are char-
acterized on triangular matrices. Then we characterize the additive maps that
strongly preserve the set of rank reverse permutable matrix k-tuples.
In Section 5, we completely characterize the set in which every map is an
idempotence-preserving map. The map may be take non-linear(additive). We
consider the problem is like to the Geometry of Matrices, and we get the conclu-
sion under the weaker assumption of idempotence-preserving in one direction.
In Section 6, We first construct a map from the set of 2 by 2 matrices to the
set of subalgebras of the lie algebra for the derivations on torus, then we charac-
terize the all algebras of the images under the map. Finally, we study representa-
tions of these algebras, which is given by corresponding linear lie algebras-module
through the Larsson function.
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